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Abstract 

Cuticular permeability (CP) values of worker and soldier castes of C o ~ ~ r o t ~ u r i ( ~ . s f i ) ~ - r ~ r o ~ ~ ~ r ~ ~ ~ . s  Shiraki and Co1xotc~rmc.s 
L > N S ~ ( I ( I [ ~ ~ -  Light were determined using gravi~netric techniques. Comparisons were made between castes. species, and 
between colonies of C. ,forrizosrir7us and C. r,asruror. CP values did not differ arnong either species or colony, however, 
they did differ between castes. Data reported here and that of established data in the literature for C. jbr-r~io.scinu.s are 
inconsistent. with the cun-rent report having values as sniall as half that of previously published data. Examining rnean 
CP data by colony indicated that there is a range for Coptot~~i-r11~,s spp. termites, from 6.84 f 1.2 to 25.6 1 i 1.49 
pgH,O c n ~  ' 111mHg ' 11 ' dependent upon caste. A novel method of examining intercaste CP variability is the use of 
worker:soldier C P  ratios. Ratios for C. Jhnr~o.scrr?lrs were consistent between the current study and previous reports. Mean 
percentage total body water (%TBW) lost at the time of death was 33.75,l. 15% (soldiers) and 54.24 f 1.43% (worlte1.s) 
for C. ji)r-rr~o.scinrr.s, and 37.69f 3.3I1;k (soldiers) and 52 .875  3.65% (wot-lcers) for C. cla.sraror-. Consistently, %TBW 
(and fresh mass) was greater in worltcr than in soldier castes. These data suggest the use of water storage 111ech:inisms 
in worlcer termites. as shown fol- other rhinoterrnitids. 
O 2002 Elscvicr Science Inc. All rights reserved. 

k'r,~~\<'or.ti.s: Cuticular permeability: Subtcsraneiui termites; Water halance: Colttorcn~ic,.~ /hr.i~~o.v~ril~i.s; ('o/~/o/anllp,\ ~,n,s/otor 

1. Introduction 

Physlolog~cal ecology of' subterranean tennrtes 
has taken a backseal to control research In the past 
30 years. However. Intcrcst In basic b~ology has 
recently hecome ~ncreaslngly popular arnong 
researchers of the I5optcra. Sucli efforts have 
~ncluded rnterest In ~ntercolon~al agonlstic and 
foragi~lg behavior (Thori~c and Haverty, 199 1 ; 
Husseneder arlcl Grace, 2001; Puche and SLI, 2001: 
Campora and Grace, 2001). There has also been a 

resurgence of' Interest ln pliys~ology among termlte 
researchers recently both ljori~ descnptrve a5 well 
'is expenmental aspects. Re~earch arecis have been 
wrde ranglng, ~ncludlng trcu7sf'er of foraged mate- 
rials arnong coloriy members ( S u i r c ~  ,tnd Tho~ne. 
2000), water balance (Sporlslei dnd Appel, 199O), 
glandular descr~pt~ons (Grube and Ruclolph, 1999), 
surface 'tre~l model~ng (Haagsma et ,1I., 1996). 'lnd 
even respiratory pattern5 (Shelton ,~nd Appcl, 
200 I a,b). 

C u t ~ c u l ~ ~ r  permeab~lity (CP) 1s tlcllned '1s 
pgH20 lost per ur11t surface ,\sea (cm ') per itnlt 

Cor~e\pondlng 'tuthor I~5DA-Eore\t S ~ I L I L ~ ,  SIIS-3iO2 
201 1,1[1eoli1 G ~ e e n ,  St,~~h'villc, MS 1'9750 UTA Icl + I -  tllnc ( h  '), per unrt sat~1r;1t1011 tleficlt (rnmHg ' ) ,  

062-118-1121 lax + 1-062-118-1101 anti 1s '1 means of descnb~ng 'ind comparing water 
lA-i~iti~i trc/dic\, t~helton(+i\ iecf 115 ( rc 5hcSlon) lo\\ fro111 111sects ‘irid other ,lrthropods (W~ggles- 



Tahle 1 
Mcati CP (in (*gF1,0 lost.cm '-11 ' .rnmHg ' )  +S.E.M. \.slues, fresh artd dry Inass, ant1 %7'RW fix C. J;)I~IIIO.SCIIIII.S a11iI C. r . i i . s / i i i o r  

hy species. colo~iy, and caste for the surface area fol-niulae of Mech (I 897) (M) and Haagsma et al. (1996) (H)  

Species Coloiiy Caste 11 CP (M) CP (H) Fresh rnass Ilry illass 'XTHW CP (M) ratio 
(111g) ( n ~ g )  (worker:\oldicr) 

<'. / i l l - r ~ i o \ r r r i r c . s  I Worker 30 25.61 + 9 37.83 k2.20 1.86f0.04 0.05 i 0 . 0 2  77.4i0.31 2.41 
1 Soldier 30 10.63 t I .40 14.82 + 1.96 2.29 + 0.04 0.63 + 0.02 72.4f 0.53 
2 Worker 30 19.33 If- 1.17 30.3 1 -t- 1 .85 3.97 i 0.07 0.90 f 0.02 75.1 + 0.41 2.13 
2 Solclicr 30 9.07 + 0.08 13.73 + 1 .48 3.25 rir 0.07 0.92 i 0.03 7 1.7 k0.44 
3 Worker 30 19.35 f 1.75 29.45 t 2.73 3.30 & 0.07 0.77 + 0.02 76.5 k0.57 2.113 
> Soldier 30 6.84 + 0 10.46 + 1 .86 3.35 i- 0.05 0.98 0 . 4  70.7 i I .31 

. ~ s o r  A Worker 30 17.101 1.47 25.92 rt 2.26 3.25 +0.08 0.85 f 0.03 73.7 +0.7 I I .8 I 
A Soldier 30 9.46 f 0.89 13.93 .? I .3 1 2.85 -t 0.06 0.90+0.03 68.5 f 0.47 
1'3 Worker 30 1 I .Oh + 1.14 16.33 + I .70 2.05 f 0.04 0.73 i 0 . 0 2  75.3 + 0.47 1.34 
H Soldier 30 8.28 f 0.70 1 1 .'I5 + I. 13 2.58 +0.03 0.78 f0.O I 69.8 i 0.3 I 
C Worker 30 14.82i  1.71 21.94+ 2.53 2 .82t0 .06 0.64+0.01 77.1 f0.67 I .32 
C Soldicr 30 I 1.16+ I .25 15.65 I .74 2.36+0.04 0.72i0.02 69.6i-0.53 

worth, 1945; Edney, 1977, Hadley, 1994) A CP 
v'llue de\cnbe\ the \pec~e\ '  mo\t corlxnon ecolog- 
~ c a l  hab~tat (Hadley, 1994). The a\soclatlon is 
fa~rly \tra~ghtforward, low value\ are a\\oclated 
w ~ t h  low level\ of water 104s ~ n d ~ c a t ~ ~ i g  a n ~ ~ n a l r  
'~dapted to xeric environment\, whlle hydr~cally 
adapted dn111ia1\ u\ually have much h~gher CP 
values. Example\ from ternxte\ extend from very 
low CP value\ 111 drywood ternilte worker\ (1.5- 
2.3 ~* .gH~O.cm L . n i ~ ~ ~ H g  '.h ' ,  Rust et al., 
1979) to relat~vely h ~ g h  In dampwood termite 
alates (46.87 pgH,O cm ' mmHg ' h ' ;  calcu- 
lated Irom Coll~tis, 1969) 

Wh~le  de\cnpt~on\ of the CP of \ubterranean 
termlle5 have been reported for many yedr\ (Col- 
11115 and R~chard\, 1963, 1966; Coll~ns, 1969; 
Spon\ler and Appel, 1990). few jtuc-hes hdvc 
otlered CP compan\on\ between tiliferent \pecle\ 
11-1 the \,\me genu\. Prev~ou\ work by Coll~n\ and 
Richard\ ( 1963) exam~ned member\ of the Rctl- 
c ~rlrrerr~tc\ Holmgren gem\  found In the ~ u t h -  
ea\teni US. Spon\ler 'lncl Appel ( 1990) comp,~i-ed 
two \ubterrclnec~n termite\, one endem~c, R jlrri r -  

(Kollar), 'lnd one recently ~ntroduced to the 
\outhca\tern US, Co~~rolcrrn~\ lornto\anrr\ Sh~r,tl\l. 

The l)re\ent 4ti1dy exam~ned CP value\ of the 
Formo\an \ilbterranean te r~n~te  ( C  fonno\rrriz~\) 
,~nd the Philipp~ne m~lk  termlie, Coprorcnne\ 1 ~ 1 ~ -  
frrlor L~ght,  each trorn three colon~e\ o n  the  land 
of O'I~LI, H C ~ w c ~ ~ i  Both \pecle\ ot Coptofcrrile\ 
WCl\mann ,ue l~ltroduced to Hdwai~, wtth C /o f -  
rilo\arlrr\ recorded 111 tlie r\land\ tor at led\t 150 
ye,lr\ (Su and T,~~na\h~ro,  1987) C r rr\frltor wa\ 
i l ~ \ t  reported Jrom a \Iitp~nent of b,~nan'~\ In 

Honolulu in 19 1 8 (Kofoid, 1934). However, since 
then it has been reported only sporadically, most 
recently in the Barber's Point Naval Air Station in 
Wester11 Oahu (Woodrow et al., 2001). 

Worker and soldier castes of both species were 
examined. The purpose of the study was to exam- 
ine the potential for co-habitation of these species 
in different environme~lts. Sponsler and Appel 
(1990) also examined CP in different castes of C. 
jbrnloscrnrrs, but did not account for possible col- 
ony variation. In addition to potential differences 
between the species, we also examined differences 
in CP between physical (as opposed to temporal) 
castes and among colonies. 

2. Materials and methods 

Three colon~e\ each of C fornzo\crnu\ and C 
1(1\talor were loc'lted on the ~ \ l a ~ i d  01 Odhu, 
H ' IW~II  Colonle\ of C' lorri~o,anrr\ were locdtecl 
In the ma no,^ valley, near bu~Idlng\ on the catnpu\ 
ot the Un~ver\~ty ol Hawail (colon~e\ 1 ,  2 and 3) 
The\e colon~e\ were each more than 1000 111 '~p'lrt. 
hdv~ng prev~ou~ly been des~gnated a\ \epardte 
colon~e\ by marh-rele,~\e-~ec~tpt~~re (MRR) \tud~e\ 
(JKG, unpubll\hed d'lta), c ~ g o ~ ~ ~ \ t ~ c  \tudie\ (Shel- 
ton and Grxe ,  1997), and mult~locu\ DNA t ~ n -  
gerpnnting c~n ,~ ly \~ \  (Hu\\eneder and Gr'lce, 
2001) Colony w e  a\ e\t~rn,lteci u\lng tuple MRR 
for e x h  colony were 0 5 (colony 1 ), 1 7 (colony 
2), 1 3 (co1011y 3) m ~ l l ~ o n  worhers ('111 c o l o ~ ~ y  \17e 
e\t~rn,~te\ wcre made w ~ t h ~ n  the pd\t 10 year\, 



JKG, ~inpubllshed ddta) Two colorires of C I US- 
icrtor were found In separate tonner Ndvy housing 
Ltnlts rn the Kalaclo,i ared of western Oahu (colo- 
riles A 'ind B) Trlple MRR ddta w,~s only available 
for colony A of C I crrtrrtor, lndlcat~ng an estrlnat- 
ed 0 2 ni1111on workers (In 2000, JKG, unpublished 
data) A s~ngle C 1 ~r\icrtor colony was located on 
the outskirts of a Keawe forest ne'ir the B,lrber's 
Polnt Naval tacll~ty horse stables In K,ilaelo'i 
(colony C) All C r rrricrior colonles were separat- 
ed by more than 1000 m 

Terrnrtes were extr,tcted from rntested Douglas 
tlr (Preurlot tuga nlpn:rcrll Doug1 ex Laws ) box 
traps according to the methods 01 Tamash~ro et al 
(1 97'3) The cinlnic~ls were collected less than 48 h 
prior to the start of each repllcate study, and placed 
Into an u1111t lnc~lhdtor dt 2 8 k  1 "C and -90% 
lelatlve humldlty (RH) In 9 0 cm dlaineter glass 
Petrl dlshes Illled with a srngle prece of tliter paper 
(Whatman #2, Whatman International Ltd, Mald- 
stone, Bigland) molste~ied wlth < 1 1111 of dlstllled 
water. 

Inilnedlately prlor to Inlttatlng each repllcate, 6 
workers and 6 soldiers from each colony tested 
were rnoved lnd~vidually from the d~shes u m g  
fine s'ible brushes (preventing possible ~njury from 
aspiratton) Into 40 ml glass shell v1,ils Only lritact 
'lnlmals were used, soldlen th'tt secreted defensive 
secretion (Quennedey and Del~gne, 1975) were 
replaced S~nce  the atliount secreted could not be 
rne,ls~irecl exactly, the clefenslve secretion ernltted 
wo~tld represent an uncontrolldble error In the 
calc~lat~ons of total body water (TBW) and dry 
mass ior soldler caste terniltes To dvold thls bids, 
only those soldless th'it dld not secrete detenslve 
fluld upon ~novelnent to the vials were used. 

Inltlal ni'isses were detennlned lo1 each ~ndlvld- 
ual to the nearest 0 01 mg uslng 'I dlgltal bal'ince 
(Mettles model AE 163, Mettlcr Instruments AG, 
Sw1t7erl~ind) Welglied termltes were then pl'iced 
In ~ ~ i d ~ v r d u ~ i l  vial\ dnd pl'iced In an 11-1 glass 
deslccator cont'ilnlng ,I I00 X 150 mm' plastrc Petrr 
drsh (360 nil volume) illled wltli fresh (either new 
or newly reconstituted alter 1 + h ,it 200 "C) 
~ndlcating Dncrltc (anhydrous C'iSO,, W A Ham- 
niond Drlerlte Conipany, Xenl,~, OH) Also pnor 
to e x h  replrcatlon, new stopcock grease (1,ubnseal 
stopcocL gredse, Thornas Sclentltrc, Swedesboro, 
NJ) wa\ appllecl to the desrccator lld, and vacuum 
tested to ensure se't11ng Tlius, desrcc,itors con- 
t'ilned a RH value oi 0-274 clullng the experlinent 
Dcstcc'ltors were m,irnt,l~ned in d dryllig oven 

(Isotenip Oven, model 65%: Flshel Screntli~c, 
Falrlawn, NJ) at 3 0 5  1 "C Thls comblnat~on oi 
temperature 'tnd RH resulted In a saturation cieflclt 
of 31 824 mmHg wlthln the desicc'ltor 

At 2, 4, 6, 8, 10, 12 and 24 h after p1,icrng the 
vl,iIs In the desrcc,itor (and the desrccator tnto the 
oven), the vials were removed br~efly In groups of 
6, and ~ndrvrd~tcll terlnltc ~ i~asses  wele determlned 
to the ne'lrest 0 01 mg before belng returned to 
the deslccator T ~ m e  of de'ith w'is notecl when the 
terrnlte could no longer be Induced to show any 
movement by gently t'ipp~ng the side of the vial 
Percentage TBW lost 'tt the time of death was 
deternnned tor those term~tes dylng within the tlrst 
12 h, since no recordings were made between 12 
and 24 h CP values were calc~tlated usrng the 
dllference between the ~nitlal and 2 h masses (rn 
kg)  as pg  of H,O lost (Edney, 1977, CP = pgH,O 
lost X surface area (111 cm ') X saturation def~clt 
(In mmHg ' )  h ' )  

Follow~ng the 24 h ~nass detern~lnatron, the 
oven temperature was changed to 50 "C, and the 
derlccator (wlth v~als) was returned. The bodre5 
were drled to constant mass under these cond~t~ons 
tor 72 h. Dry masses were recorded to the nearest 
0 01 mg, 'ind used I n  the ccilculatron of percentage 
total body water 

%TBW = [(inrtlal ma\\ - dry rna\s)/lnlt~al riiass] 
x 100 

Percentage TBW loss at each time perlod was 
determlned, and subjected to llnear rcgresslon 'ilial- 
y s ~ s  to exan111ie the relat~onships wrth tlme (from 
0 to 2, and 2 to 24 h) CP values were calculated 
uslng the wrfjce area formulae oi Meeh (1897) 
and H,iagsma et '11. ( 1996) (Sol termites) 
Although there are problems In 'ipplylng the for- 
mul,l of Haagsrn,~ ct '11 (I 996) to very large or 
very sm'ill terrnltes (Shelton dnd Appel, 2001a), 
CP values c,iIculclted wrth thrs tormula are ~ncluclccl 
for comparative value These data, as well as 1111tlal 
a~ id  dry masses, 'ind %TBW were subjected to 
nested ANOVA procedures L I ~ I I I ~  SAS (SAS Instl- 
lute, Inc , 1985) 

3. Results 

-7. I .  Pen.rr7fagc TBW 

Table I presents mean (&S.E.M.) %TBW fix 
each species, colony, and caste co~nbination. Nest- 



Time (hr)  

Fig. I .  Percentage TBW lost over time by workers ancl soldiers 
of C'. ji~rrno.strr~r~.v ( A )  and C'. r.tr.sirrror (B).  

ed ANOVA an,lly\~\ ~nd~c'lted thdt %TBW were 
\~gn~t~c,tiitly dltferent only between ccl\te\ (cl i = 

1 . F =  1 15 04; P = 0 0004), with n o  \ig~iiiicant 
ditferencej between species or among colonic\ 
(d t = 1, 4, F = 4  24, 1 95, P=0.1087, 0 1013, 
respectively) 

Percent,tge TBW lo\\ over tlme I \  lllu\trated In 
Fig 1 tor each \pecle\ The or1g1n5 lor the ddta In 
F I ~  I are con\tr,l~ned to zero, 'I\ no wdter lo\\ 
occurred at the beglnnrng of the experiment ( t ~ m e  
of 1nit1~11 ma\\). Llnear regre\\lon of the %TBW 
data fro111 2 to 24 h ~nd~c'lted that for ,111 ca\te\, 
cololile\, ,tnd \pecle\ wder w'15 lo\t ~n a linear 
Sa\111on. P-v,ilue\ for all \lope\ were < 0.0001, 
although not ,111 intercept\ were \~gnif~cantly dif- 
ierent from 0 However, when the ~nitial ma\\  I \  

con\~dered ,I\ a lo\\ of zero, lo\\ over time follow\ 
,I two-jtep p,ttterti (Fig I ). The \lope of %TBW 
lrom 0 to 2 h for both \pecie\ conib~rlect w,l\ 
4 84fi-0 0004, whlle that ol %TBW from 2 to 24 
11 wa\ 2 92 fi- 0 101 Lo\\ of %TBW dlct v'lry 
'imong ca\te ,111d colony ,I\ ~ n t l ~ c ~ ~ t e d  111 Fig. I 
Pcrcent,~ge TBW dt  the time of dedh rangecl frotii 

17.12% for workers of C. r~asfator to 63.33% for 
worker\ of C. fori~ro\~inu\.  Mean %TBW at tlme 
of deal11 wa\ 33.75 fi- 1.15% for \oldies\ (11 = 37, 
mean time of death = 10.7 f 0.3 1 h), and 
54.24 + I .43% for worker\ ( n  = 13, niean tinie of 
death = 10.3 1 fi- 0.63 h) of C. 1 a\ftrtor. For C. 
for11rorrrrir4\, mean %TBW at time of death wa\ 
17.69 fi- 3.3 1 %  for \oldler\ (11 = 6, niean tlme of 
death = 1 1.0 f 0.68 h), and 52.87 fi- 3.65R for 
worker\ (11 =4,  nlean time of death = 12.0 fi- 0.0 h). 

Mean CP data ( + S.E.M.) are presented in Table 
1 for each species, colony, and caste cornbination. 
These data are presented using both Meeh's ( 1897) 
general surface area model, as well as that specif- 
ically for terrnitcs by Haagsrna et al. (1996). In 
all cases, Haagsma et al. ( 1996) for~nula produced 
lesser surface areas, reflected in the data as greater 
CP values. For CP using Meeh's (1 897) surface 
area equation, nested ANOVA procedures resulted 
in significant differences ainong the castes (d.f. = 

I; F-73.0; P=0.001), as well as a significant 
species by caste interaction (d.f. = 1; F =  15.22; 
P = 0.01 75). However, colony, both within species 
(colo~iy (species)) and as colony by caste (spe- 
cies), did not significantly influence CP (d.f. =4, - 
4; F =  3.58, 1.80; P=0.1221, 0.1274, re\pective- 
ly). Likewi\e, \pecie\ (with all other variable\ 
coriibined) were not  4gnificantly different (d.f. = 

1; 1;=2.73; P=0.1741). Ne5ted ANOVA proce- 
dure\ uung CP data calculated u\ing the \usface 
area forinulae of Haag\ma et al. (1996) re\ulted 
111 the \ame trend\ (and corre\ponding level\ of 
\igniSicancc) pre\ented for the clata calculated 
using Meeh'i ( 1897) formula. 

Mean f1esl1 ma\\e\ ( fi- S E M.) a\ well a\ ctly 
rn,i\\e\ ( f S E M ) ale reported In T,tblc 1 Ne\tcd 
ANOVA ~nd~cated th,~t \pecie\ did not hme ditfer- 
ent t r e h  r?l,is\e\ (d t = I ,  F =  1 20, P=O 3346) 
However, fre\li rn,I\\e\ cl~lfered among colonle\ 
(by cd\te wlthin \pecle\ d f =4 ,  F =  13 44, P < 
0 0001) 'ind between cd\te\ w ~ t h ~ n  \pecle\ (d f = 

1 ,  F= 12 05, P =  0 0256) For dry ma\\e\, no 
\lgnillc'~nt difierence\ were found between \pecle\ 
or c,l\te\ (d f  = I ,  1; F=O23,  155,  P=O6542, 
0 2809, re\pect~vely) However coIo~i~e\  (by ca\te, 



within \pecie\) were 4ignificantly different (d.f. = 

4; F= 9.24; P < 0.000 1 ). 

4. Discussion 

Individual\ ot both \pecie\, when con\ldered 
\eparately by ca\te and colony showed a typical 
two-compartment   nod el for ma\\ 1055 (a\\umed 
to be water lo\\) over the fir\t 24 11 of de\lccat~on. 
Thui the anlrnalj lo\t water at a greater rate dul-111g 
the flr\t 2 h of de\tccation than duriiig the other 
time periods (dunng whlch %TBW 1045 was Ilne- 
ar). Theje data are con\lstent with prlor ~nfor~na-  
tlon from the literature for other species w ~ t h  
two-compartment water lo\\ model\ (beetle\ and 
blood-feedlng Hemlptera, Wlggle\worth, 1945; 
cockroaches, AppeI et al., 1983; Nymphalldae, 
Ma7er and Appel, 2001). These models a \ \un~e  
that water i\ lost f ~ r \ t  fro111 the exterior \urface of 
the integulnellt (the h~ghe\t rate of lo\\), and then 
lo\t from the interlor of the anlmal during the 
\econd phase or compartment (the lower rate of 
1oj\) (Wigglesworth, 1945). 

Our method5 were unable to differentiate among 
the component\ of total water lo\\: cuticular (or 
true CP), defecation, 2nd rejpiratory water lo\?. 
CP values glven in thi\ paper repre\eiit ollly total 
water lo\\, however these value\ ]nay olily \lightly 
overe\tiinate true CP. In the Wester11 drywooct 
tcrrnlte, Zi?ci\ilci*/i~ei iilriior (Hagen), c ~ ~ t ~ c ~ l l a r  
water 105s repre\ei~ted tlie major water lo\\ route, 
'IccoLlntlng for 89.1-93.5% of total water 105s 
depcndrng on temperature (Shelton aild Appel, 
2000) However, drywood termites generally have 
much lower CP values than rhinotermitid\ (Collin\ 
a id Richardj, 1963, 1966; Collin\, 1969). In R. 
fl(rr rpe\ alate\, -95% of the total water 1044 15 

non-re\plratory (peak vs. valley water lo\\; Shelton 
'ind Appel, 2001a) durlng cycllc re\plratlon. How- 
ever, \ubterra11eal1 terrnlte worker\ (C. fornlo\cirlrr\ 
and R. f l ( r r  rper) do not exlilb~t cyclic re\plratloIi 
(Shelton and Appel, 2001 b). It I \  d~fiicult to aigue 
th'tt CP \hould not ,iccount for the majority of the 
total water lo\\ 111 \ubterranea~i tellnlte\, however 
the exact relation\hip 15 ~lnknown. Futurc worl< on 
Co/7torcr17zc\ \pp water b'ilance \houlcl provlde 
t h e  an\wer\. 

Difference\ III %TBW lo\t , ~ t  tline ot cIe'1tli were 
m'unly between ca\te\ 1'1ther thm between \pecle\. 
When \ep,irateti by c'tste, the\e v'~lt~e\ for e x h  
\pecle\ were w~thin 1 S E M of the other How- 
ever, the number of ~ndlvidu~~ls  \urvlvlng to  12 11 

under the cle\iccc~ting cond~tlon\ were widely dit- 
ferent In C' fon7lorrrnir\, only 10 ~nciivldual\ 
(O.06%, 6 \old~er\, 4 worker\) dleci prior to 12 h 
In the \tudy, while 50 ~ndlv~duai\ (27.8%; 37 
\oldiers, 13 worken) of C. r crtfcitor fell Into thl\ 
category For both \pecle\. %TBW lo\t at tlme of 
death wdj well w~thin the range tor \oldler\ and 
worker\ of C forrilo\crnic\ reported prevlou\ly 
(35 30 and 50 5256, 1-e\pect~vely. Spon\ler and 
Appel, 1990) Th14 f~ve-fold dlfferel~ce In \urvlval 
to 12 h under de\lccatlon I \  colltrdry to what mlght 
be predicted froni thelr CP v,llue\ (T'lble 1) Th14 
point\ out tliCtt whlle CP e\t~~iiatcs transpiration 
rate\ across the cutlcle, it 15 not neces\ar~ly predlc- 
t ~ v e  of aliimal \urvlval ulider de\lccatlon that ]nay 
involve other mechanl\m\ Whlle both \pecie\ are 
tr~pical,  C r cirr~itor occur5 In location\ thdt 'Ire 
more equatorial (such a\ the Phlllppine I\iancl\; 
Kofoid, 1934), while C forr~~otrrnrr 5 occurs In 
,ma\ that are Inore \ubtroplcal (Japan, Chlna, US; 
Su aiid Taina\hlro, 1987). 

The most striking dlffereiice ob\erved In our 
data I \  the difference In CP values between the 
castes of both \pecies In both C fonno\cinu\ and 
C 1 rr\tnror, the joldler c a t e  had significantly 
reduced CP value4 compared with the workerj. 
The value\ measured here ,llso dlffer greatly fro111 
those publl\hed on C forr~loronur froni other 
geographical area4 (Spon\ler ancl Appel, 1990) 
Spon\ler ;~nd Appel'\ (1990) \tudy \]lowed a 
\lgniticantly greater CP v'llue In worker\ (mean = 

37 49 k 2.32) than In soldier\ (ruean = 

15 22 k 0.93) However, CP v,llue\ In our study 
are nearly half thoje of Spon\ler and Appel (1 990) 
(worker\, cololiy 2: 19 33 k 1 17, soldier\, colony 
3. 6.84k 1 2, Table I ). Thelr \tudy only u\eci a 
\ingle colony for worker\ 'ind \oldiers. Whlle 
colony clld not \~gnlfic,intly i i i t l~~e~ice CP v,ilue 
(46363 below), there w,i\ a Iclllge of CP tor variou\ 
colonre\ of both C fornloranrr\ dnd C r ortator 
(Table 1) Perhap5 this Incon\l\tellcy wrth the 
previou\ data reflect\ ,I l q e r  range 01 CP v'llue 
for colonic\ ol Coprorcrmcr \pp Another coii\ld- 
el,ltioI1 14 the difference In rearing method5 
between the two \tucile\ The current \tucly ~lseci 
tleld-collected tcrmlte~ tdken dliectly from feedlng 
\tatlon\ (wlthln 48 h) ,  whlle Spoii\ler and Appel 
(1990) u\ed termite\ malnt'llned In an ~ncubator 
lor at le,i\t 1 week Perhap\ thc termlte5 In the 
previous \tucly h'ici become accllm,ited, and thele- 
fore dlfleietl 111 thelr measured CP v,ilue\, a5 with 



Pcriplernt~la firliginostr (Serville) cockroaches 
(Appel and Rust, 1985). 

One way to examine the variability in these data 
is to look at tlie ratio of worker to soldier CP 
values. When considered as a ratio, we find that 
Sponsler and Appel's (1 990) (C. ,fi)n11oscrnr4.s: 
2.46) data come closer to o ~ i r  values (Table I). 
By comparison, C. r.cr.sterlor (Table 1 ) has a sig- 
nificantly lower ratio than C. ,fbr~rlo,scrr~r~s (paired 
1-test; d.f. = 3; T= 3.74; P = 0.03). The ratio con- 
cisely reflects the caste differences observed in 
Table 1 for each species, with C. r.astcrtor worker 
and solider caste CP values being much more 
similar than in C , J ~ ) ~ I I ~ ~ s L I I z ~ ~ s .  

While C. ,firrnos~~nu.s and C. r3a.stcrtor did not 
have significantly different CP values, our data 
suggest that there is considerable variability in 
both species for this value. While the variation 
between colonies was fairly high, CP values did 
not diff-.er significantly with colony affiliation. 
Table 1 indicates that similar castes among differ- 
ent colonies have variable CP values over a range, 
with very little overlap even between colonies of 
the same species. In general, our data suggest that 
C. r3crs1crlor does have a lower CP for worker caste 
individuals (but not soldiers) than C. Jorrilo.s~~n~t.s. 
However, due to the overlap of colo~iy A with 
colonies 2 and 3, this was not statistically evident. 
Soldier CP values for the two species appeared to 
be quite sitxilar (Table I ). Consiclering that sol- 
diers normally constitute no more than 25% of the 
colony in Co~7totcrnlc.s spp. (Haverty, 1977), a 
trend of reduced permeability of C. r>astLrror work- 
ers compared with C. Jorr~~osco~~r.~ may indicate 
greater xeric adaptation in the former species. 
Since soldiers typically act to block breaks in the 
gallery systern with their bodies, as well as moving 
out of the gallery entirely to defend the colony 
from attacking ants (Prestwich, 1984). an overall 
greater degree of sclerotization ~uid conconlitant 
reduced CP values in this defensive caste is not 
unexpected. 

Both species in this st~iciy showed variability in 
I'resli and dry masses (Table 1 ). However, the 
species themselves were not significantly different 
for these values. Fresh mass was signil'icuntly 
different between castes, but not dry niass. This 
indicates that the castes differed in their %TBW, 
which is supported by the data from %TBW (Table 
1). In all colonies, soldiers contained a lesser 
percentage of water than workers, perhaps an 
indication of increased niuscle percentage (or 

increased sclerotization) in their fresh Inasses. 
However, there was no difference between dry 
masses, which suggests that the ~nuscle Inasses 
were equivalent. These data are more consistent 
with the idea that the workers simply contain Inore 
water than soldiers, or store liiore water perhaps 
by using water sacs as in R. ,s~olfonen,sis De 
Feytaud (Grube and Rudolph, 1999). 

The low level of differences in CP values 
between these two species of Col~toteniles is con- 
sistent with Chown's (2001) recent review of 
variability in basic physiological parameters of 
insects. He argues that these variables are more 
consistent at the species level, and Inore variable 
at higher taxonomic levels. Our data also indicated 
differences among colonies for fresh and dry niass, 
and %TBW. Fresh and dry masses of colonies 
should change over time as the colony ages and 
the age class distribution of its members moves 
toward larger individuals (Grace et al., 1995). 
Exact ages for the colonies used in this study are 
not known, although all three C. jbrrnoscrn~s have 
been under observation for at least 10 years (col- 
ony 1 for nearly 30 years; JKG, unpublished 
observations). Our data indicate that colony source 
should be considered when physiological val~ies 
are estimated. However, colony does not always 
have a significant influence on physiological par- 
ameters as with CO, e~nission rates (Shelton and 
Appel, 3001 b). 
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